A strain-specific virulence-associated antigen has been found in Neisseria gonorrhoeae strain F-62. Using immunodiffusion in agar gel, it has been shown that the antigen is distinguishable from endotoxin and the virulence-associated toxic protein. It does not appear to be derived from pili. The antigen was not detected in Ti and/or T2 colony type cultures of 10 other isolates. It exhibited a possible partial immunological relationship with an antigen found in one additional strain. It was susceptible to digestion with Pronase and trypsin.
A strain-specific virulence-associated antigen has been found in Neisseria gonorrhoeae strain F-62. Using immunodiffusion in agar gel, it has been shown that the antigen is distinguishable from endotoxin and the virulence-associated toxic protein. It does not appear to be derived from pili. The antigen was not detected in Ti and/or T2 colony type cultures of 10 other isolates. It exhibited a possible partial immunological relationship with an antigen found in one additional strain. It was susceptible to digestion with Pronase and trypsin.
More information on the antigenic structure of Neisseria gonorrhoeae is needed for a fuller understanding of the nature of the immune response of the host in gonorrhea, the pathogenetic mechanisms of the infecting agent, and the strategy that must be followed in attempts to develop an effective prophylactic immunogen. It has been well established that in certain human diseases of bacterial etiology, the protective immune response is directed primarily toward antigens that are found only in the virulent forms of the agent. It would seem appropriate therefore to look for virulenceassociated antigens in the gonococcus.
Since the demonstration by Kellogg et al. (8) that gonococcal isolates can be separated by colonial morphology into strains of high or low virulence, several groups have described antigens which appear to be virulence associated. Swanson et al. (14) have found that only organisms of colony types 1 and 2 (virulent) possess pili. These appendages have not been found in strains of colony types 3 14 ,500 x g for 1 h. The extracts were subdivided into small aliquots and stored at -20 C. Initially, the material sedimented by the final centrifugation was subjected to 10 min of additional sonification with 4 g of glass beads of 25-Aum average diameter. Whereas this yielded further small amounts of solubles, no antigens were detected in these secondary extracts that were not also present in the primary extracts. This step was therefore omitted from subsequent extractions.
In an attempt to detect hypothetical antigens that might be released from gonococcal cells during growth, extracellular antigen was prepared by harvesting growth from two petri dish cultures (150-mm diameter) into 10 ml of PBS, sedimenting the organisms by centrifugation and passing the supernatant through a membrane filter (Millipore Corp.) of 0.22-zm average pore diameter. Before use these antigens were concentrated 10-fold by dialysis against powdered Carbowax 20-M (Union Carbide).
Proteolytic digestion of ultrasonic extracts. Pronase (Calbiochem, B grade) and trypsin (ICN Nutritional Biochemical Corp., crystallized 2 times) were used at a concentration of 400 jig/ml for 6 h at 37 C.
Immunodiffusion. Gel immunodiffusion reactions were carried out in thin (1 mm) agar layers on microscope slides (2 by 3 inches) using the template method of Wadsworth (16) as modified by Danielsson (4). The diffusion medium contained 1.0% agarose, 1.0% polyethylene glycol (3,000 to 3,700 molecular weight), and 0.02% NaNs in PBS. Agar layers of uniform thickness were obtained by the method of May and Rawlins (11) . All slides were held at room temperature (22 to 24 C) for 48 or 72 h before washing, drying, and staining. The longer interval provided slightly greater sensitivity.
Disks or rings of nonspecific precipitate formed around the reservoirs of many of the rabbit hyperimmune sera. We were unable to prevent this by using other buffers, other pH values, a high concentration of glycine as recommended by Halbert et al. (6) , adjustment of agar and polyethylene glycol concentrations, by using an immunoglobulin G-enriched antiserum subfraction, or by using antiserum extracted with diethyl ether.
RESULTS
Comparison of extraction procedures. Formamide extracts of strain F-62 (all T types) contained zero to two precipitating components, depending upon the antiserum used, when tested by gel diffusion. These components gave reactions of identity in all cases, and were also found to be present in the ultrasonic extracts of this strain. Similar results were obtained with acid extracts except that as many as four components could sometimes be found. Concentrated extracellular antigen preparations from T3 and T4 colony types of F-62 contained as many as six components, all of which were also found in the ultrasonic extracts. Concentrated extracellular antigens of Ti and T2 colony types contained only zero to one precipitating component. Ultrasonic extracts usually contained many components (Fig. 1A) . Depending upon the antiserum used, up to 12 components could be detected.
Since the main purpose of this study was the detection of antigens associated only with Ti and T2 colony types and since acid and formamide extracts and concentrated extracellular antigen preparations did not reveal any components of this nature, no additional work was done with these preparations.
Study of ultrasonic extracts using unabsorbed antisera. Ultrasonic extracts were prepared from concentrated, killed, whole-cell suspensions of 12 Ti and/or T2 isolates. Extracts from T3 and/or T4 colony types were also prepared from four of the isolates. As indicated above, these isolates came from three geographic areas, Louisiana, Georgia, and Montana.
It was found that extracts of F-62 Ti and T2 colony types had at least one antigenic component that was not present in similar extracts of the T3 and T4 colony types. This component was detected by antisera from each of two rabbits immunized with F-62 T2. The sera of two rabbits immunized with F-62 Ti also detected a T1I/2-associated component but this was usually situated in close proximity to other precipitin lines and was therefore difficult to observe clearly. All further studies were done with the anti-F-62 T2 sera. F-62 Ti and T2 extracts (wells 1 and 6) have a common component producing a heavy precipitin line near the antigen reservoirs (Fig. 1B) . A similar line is seen in front of well 3 which also contained F-62 Figure 4 illustrates the results obtained with trypsin-treated extract. It can be seen that approximately five antigens have disappeared from the digested extract (reservoir 2) and the dense, rather broad band produced by the T1/T2-associated antigen in the undigested T2 extract (reservoir 1) is not produced by the digested extract. The thin line of precipitate remaining probably indicates the presence of a second antigen as discussed in the next section.
Study of ultrasonic extracts using absorbed sera. Absorbed sera from the second bleedings of rabbits 2818 and 2822 and the second and third bleedings of rabbit 2823 were used. As can be seen in Fig. 5 , all of the sera after absorption with F-62 T3 cells still reacted with a common component of F-62 T2. The reactions of the 2823 sera suggest that at least two antigens may be present in F-62 T2 which induce antibodies that are not removed by exhaustive absorption with F-62 T3 cells. Sera from the second and third bleedings of this rabbit were used in all subsequent tests.
The use of absorbed sera also provided additional evidence for the susceptibility of the TlT2-associated antigen to proteolytic digestion (Fig. 6) . The results again suggest the presence of a second antigen that is not susceptible to digestion.
The distribution of the two antigens among other isolates was then studied. A portion of the analysis is illustrated in Fig. 7 is truly T1/T2 associated. Antigen 2, on the other hand, is also present in T3 and T4 cells of F-62. Identical antigens also appear to be present in nonvirulent as well as virulent colony types of certain other strains. The inability of F-62 T3 cells to absorb antibody to antigen 2 suggests that it may have a subsurface location.
Finally, to determine the relationship of the T1/T2-associated antigen to the toxic protein (14) . Whereas treatment of pilus suspensions with the sonifier appeared to disperse them effectively as evidenced by the physical appearance of the preparations after treatment, reaggregation into nondiffusible elements may have occurred after placement of the preparations in the immunodiffusion reservoirs and before entry into the agar could take place. It could be argued that similar pilus fragments in the whole-cell extracts remained dispersed because of the physicochemical nature of the extracts, which contained approximately 15 to 20 times as much soluble material based on dry weight as the dispersed pilus preparations. The occurrence of gonococcal antigens of restricted strain distribution has been reported by Hutchinson (7), who used an acid extraction method similar to that used in the present work. On the basis of precipitin analysis with absorbed rabbit antisera she concluded that there are at least four type-specific antigens distributed among gonococcal isolates that are extractable by this method. More recently R. W. Quinn and 0. H. Lowry, also using a hot acid extraction method, have suggested that at least nine such antigens exist (Clinical Laboratory Forum, vol. 5, no. 7, p. 4, 1973) . Data obtained in the present study indicate that the virulenceassociated F-62 antigen (antigen 1) does not appear in acid extracts of this strain, hence it is unlikely that it is related to the serotype antigens described by these authors.
Geizer has reported the occurrence of typespecific antigens in the gonococcus (personal communication). Since his extraction method differs from those used in the present study, the relationship of his antigens to ours or to those of Hutchinson and Quinn and Lowry is uncertain.
Arko et al. (1) have recently reported that immunity can be induced in chimpanzees with killed whole-cell vaccines. This immunity is strain related, indicating that antigens inducing protective immune responses differ in immunological specificity among strains. One can only speculate at this time as to the number of such antigens that may exist. It is possible that the F-62 component we have found is an antigen of this type.
To assess the significance of the F-62 virulence-associated antigen, it will be necessary to recover it in at least partially purified form. Its ability to stimulate a protective immune response in experimental animals can then be determined. Work on this aspect of the problem is now in progress.
